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РКЕЕАСЕ. 


At the suggestion of Captain McCay, Professor of 
Physiology at the Medical College, Calcutta, I took up the 
study of the subject of hamolysis for my thesis for the 
Ph. D. examination of the University of Calcutta. His 
excellent work in the same subject that was partly published 
in the Lancet and partly in the Bio-Chemical Journal 
has been of great help to me in my investigations. Some 
of his observations e.g. the increased resistance of the 
erythrocytes to hamolysis in some forms of апатіа, and 
the fact that this power is not due to the presence of any 
excess of chlorides in the serum, I have been able to 
confirm. I have also corroborated his observations that 
in the blood of Bengalis the point of complete hzmolysis, 
as defined by Sir A. E. Wright, is obtained with higher 
dilutions of NaCl than їп that of the Europeans. 

I began the study of the subject of hamolysis on the 
lines formulated by Wright, Kilner and Ross, but a difficulty 
arose from the fact that I was unable to obtain absolutely 
complete hemolysis by mixing one part of blood with two 
or more parts of a progressive dilution of їз NaCl solution, 
there being always found, after centrifuging, hæmoglobin- 
containing corpuscles, which I have termed sediment cor- 
puscles. 

A portion of my work describcd in the first three chap- 
ters of my thesis was embodied in a paper entitled '* Some 
observations on the hemolysis of blood by hyposmostic and 
hyper-osmotic NaCl solutions” which was sent last 
November to Professor Benjamin Moore of the University of 
Liverpool who has kindly consented to publish it in the Bio- 


Chemical Journal. 


li 


The method of determining the amount of dissolved 
hemoglobin in a mixture of blood and salt solution of: 
varying dilutions was my own and 1 have been able to draw 
out curves of hemolysis with hyposmotic as well as hyper- 
osmotic NaCl solutions. Iam not aware whether such curves 


have been previously described. 

The properties of what I have described as salted 
erythrocytes were very interesting and led me to doubt 
whether the view generally held that the erythrocytes are 1m- 
permeable to NaCl holdsgood in the case of blood treated with 
saturated or half-saturated NaCl solution and on chemical ana- 
lysis I have found that in every case some amount of NaCl was 
absorbed by the erythrocytes by a process which is probably 
allied to adsorption. I have described the properties of the 
salted erythrocytes in details as, so far as 1 am aware, they 
have not been noted by any previous observer. 

The resistance of the erythrocytes to hamolysis in some 
forms of апатіа has been a subject of my investigation and 
as stated before, | have corroborated Captain McCay’s results 
in ankylostomiasis. I have estimated ham-alkalinity and 
hem-salinity in cases of anzmia and have constantly found 


the remarkable diminution of alkalinity in tne serum in these 
cases. 


The effects of evaporation on the resistance of the 
erythrocytes to hemolysis led me to believe that the dried 
erythrocytes had lost their power of resistance to hemolysis, 
while the crenated corpuscles resisted entrance ef water into 
their substance. This led me to conclude that the per- 
meability of the erythrocytes to water was partly a vital 
phenomenon. If, now, permeability of the erythrocytes to 
water 15 partly a vital phenomenon, hemolysis which is 
dependent, to some extert, upon this permeability must also 
partly be a vital phenomenon. 


The increased resistance of the erythrocytes to heme. 


; TE 


lysis in Some cases of anemia, especially ankylostomiasis, 
may, therefore, be due to the erythrocytes themselves. 

Spontaneous hzmolysis also lends support to the view 
that resistance to hamolysis is partly a vital phenomenon. 
This vital power begins to be lost when blood has been kept 
shed for some time and this I have definitely proved by treat- 
ing blood kept shed for different periods of time with 4. 
NaCl solution and then watching the amount of haemolysis 
brought about. Thus while 4, NaCl solution causes onlv 
faint hamolysis when mixed with blood recently shed. it 
causes distinct hemolysis when mixed with blood kept shed 
for eighty hours. This shews that the erythrocytes begin to 
lose their vitality and inadequacy to hold hæmoglobin within 
their substance results and consequently spontaneous Бато- 
lysis takes place. 

In the 6th and 8th chapters I have brought forward 
evidence to show that hemoglobin as it exists inside red cor- 
puscles, exists probably in combination with H,O and that 
mass action probably plays a part in the production of hamo- 
lysis. Further, I .have also given reasons to shew that 
crenation is not simply due to osmosis of water from the cor- 
puscles outwards. It is probably, to some extent, due to an 
active contraction of the erythrocytes—a sign of commencing 
degeneration. 

I have shewn that the appearances in the erythrocytes 
met with in cases of anzemia resemble to a great extent those 
seen in the sediment corpuscles obtained after treatment of 
one part of blood with two or more parts of distilled water. 

I have not entered into the discussion of the theories of 
Rollet and Schafer, but the fact that the erythrocytes maintain 
their biconcavity in one particular diameter shews how 
difficult it is to conceive that elastic bags constantly subjected 
to varying pressures should always maintain the biconcavity 
unless we assume that the elasticity is different in different 
portions of the bag. How the latter should result from the 


iv. E 
disappearance of the nucleus is difficult to understand. A bag 
of uniform elasticity containing a fluid and floating in another 
fluid may assume any shape provided two conditions are 
satisfied : 

(1) Volume inside the bag remains the same. 

(2) The area of the surface of the bag also remains the 
same. 

It is evident that the concavity could exist in any diameter 
and would vary írom diameter to diameter according to the 
intravascular and inter-corpuscular pressures, if the elasticity 
of the wall were the same everywhere. This lends support 
to the view that there may be a stroma inside the erythrocytes 
which is more elastic in one diameter than another. 

In conclusion I beg to express my deep indebtedness 
to Major Vaughan, Superintendent, Campbell Medical School 
and to Captain McCay for many kind and valuable 
suggestions. 


CALCUTTA, 
UPENDRA NATH BRAHMACHARI. 
The ist February, 1909. 


М. B.—The paper referred to in the preface has since been published in 
the Bio-Chemical Journal, vol. IV Nos. 1 & 2, 1909. 


СНАРТЕК 1. 


Definition of complete hamolysis—a critical 
study of Sir А. E. Wright's method of 
determining complete hamolysis. 


Sir А. E. Wright and Kilner ‘in describing a new 
method of testing blood and the urine point out that 
it depends upon the determination, in each case, how 
far a standard suspension of the erythrocytes requires 
to be diluted before complete hamolysis is obtained. 
They state that “ for this purpose we make a series of 
progressive dilutions of a deci-normal sodium chloride 
solution...... We now take up into our capillary tube 
one volume of each of these dilutions mixing in each 
case with one volume of the suspension of the cor- 
puscles. Holding at ап arms length the capillary 
pipette which contains the series of mixtures and dis- 
posing the tube so that the light may fall upon it 
obliquely, we take cognisance of the hemolytic effect 
Opacity and a bright appearance referable to the 
reflection of light to the eye indicate incomplete trans- 
parency and a dark colouration due to the absence of 


reflection indicate complete hemolysis.’ 


(2) 


Later on, Wright and Rcss * modified the above 
method by pointing out that instead of going 
through the need of making a preparation of a suitable 
suspension of the red corpuscles, all that is required 
is to take a single measured volume of the blood and 
to mix with it in each case two volumes of progressive 
dilutions of the deci-normal sodium chloride solution. 


Working in the above way, Wright and Ross 
conclude that the average European blood hzemolyses 
completely with two parts of Ñ Nacl solution. 

l'rom the above, it will be seen that it is assumed 
that it is possible to bring about complete hemolysis 
by mixing one volume of blood wah two volumes of 
a sufficiently dilute solution. of sodium chloride and 
that the point at which complete haemolysis is reached 
can be determined by letting light fall obliquely upon 
capillary tubes containing the blood, complete hæmo- 
lysis being supposed to be arrived at when there is 
dark colouration of the blood and there 15 no bright 
appearance to be seen in it 

My observations on the blood of healthy medical 
students lead to different conclusions from those of 
Sir А. E. Wright. Ву treating normal blood with two 
volumes of -jẹ Nacl solution as well as with two 
vols. of distilled water, which may’ be represented by 
Jaia 1 have succeeded in demonstrating that in 
none of these is complete hzemolysis obtained. 

I consider that the most accurate conception of 
complete hemolysis should be that the blood supposed 
to be completely haemolvsed should be perfectly trans- 
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parent and leave no sediment ог if it is not perfectly 
transparent, it should give, on centrifugalisation, а 
sediment which when донного washed with an 7z- 
active fluid should not be red. Further, it should not 
shew the presence of hæmoglobin- containing erythro- 
cytes, wnich can be stained with proper stains. By an 
inactive fluid is meant a fluid which will dissolve any 
free haemoglobin but has no action on the erythrocytes 
and can not, therefore, dissolve the hamoglobin con- 
tained in them. 

To determine whether the sediment is red or not, 
the supernatant fluid should be pipetted off and treated 
with a solution of Nacl which can not cause any more 
hemolysis in the blood under cónsideration. The 
mixture is then centrifugalised again and the sediment 
separated and treated in the same way as before and 
if after a sufficient number of washings, it is found 
that the supernatant fluid at the top is colourless after 
centrifugalisation and the sediment 15 red and not 
colourless, then it is evident that complete hzemolysis 
has not taken place; the sediment may be further 
tested for the presence of hzmoglobin-containing 
corpuscles and then stained with a proper stain to shew 
the presence of stained erythrocytes. If, on the other 
hand, the sediment is colourless, then complete haemo- 
lysis has taken place. Under ordinary circumstances, 
ij Nacl solution will serve the purpose ot the 
inactive fluid mentioned above, as it does not haemolyse 
either human or the rabbit’s or the frog's blood. We 
shall, however, see later on, that ү; Nacl solution can 
not always be used for the above purpose, as for 


an 
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instance, when the blood has been previouslv treated 
with a saturated Nacl solution. 

We began our investigations by testing different 
specimens of blood from the students of the Campbell 
Medical School, Calcutta. The blood of a large 
number of students was examined in the above way, 
the diluting Яша being either distilled water or 43; 
Nacl solution, generally the latter. In none of these 
cases did I observe complete haemolysis conforming to 
the definition given above, In other words, І always 
obtained a red sediment after the blood was treated in 
the way described above. At the same time the dark 
colouration described by Wright was generally obtained 
by mixing the blood with two vols. of х5 to $45 Nacl 
solution. 

That the red sediment described in the above 
experiments contain undissolved erythrocytes can be 
shewn in the following way ;— 

(1) The sediment though 
insoluble in +5 Nacl is dissolv- 
ed by being repeatedly washed 
with о» Nacl solution or dis- 
tilled water, as the case may be. 

(2.) The sediment shews 
the presence of hzmoglobin- 
containing erythrocytes under 
the microscope. 

(3.) The sediment when 
stained with a proper stain 
shews the presence of stained 
erythrocytes. 
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In some of my cases, I put the mixture of blood 
with distilled water as well as the mixture of blood 
with 53; Nacl solution for nearly 24 hours in 
small corked tubes and it was found that complete 
hemolysis had not taken place even after this period, 
the temperature of the room being 20°С іп the day. 

The question now arises as to how many parts of 
distilled water or = $; Nacl solution can completely 
hzmolyse one part of human blood. I have made 
dilutions of blood several times with опе, two, 
up to nine parts of distilled water as well as + 
Nacl solution and have found the red sediment in 
all of them even after repeated washing of the sedi- 
ment with үр Nacl solution. The sediment also 
shewed the presence of  hamoglobin-containing 
erythrocytes which easily took eosin stain. In a few 
cases I diluted a specimen of blood with 40 parts 
of distilled water and kept the mixture for 12 hours 
in a small tube and could detect the presence of 
haemoglobin-containing erythrocytes which took eosin 
stain very well. (See plate No. I). 

The corpuscles that are found in the red sediment 
described above and which contain hæmoglobin, will, 
in future, be called, for the sake of brevity, sediment 
corpuscles. 

Generally speaking, the sediment corpuscles can 
be fixed in absolute alcohol or pure methyl alcohol and 
stained with a dilute watery solution of eosin by 
immersing the slides for 12 to 24 hours in the solution, 
or we can stain them by mixing the sediment witha 
dilute solution of eosin in an =X, Мас! solution. 
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Тһе diagram in plate No. ЇЇ. shews the sediment 
corpuscles obtained by mixing one part of blood 
with two parts of үз» Nacl solution and then keep- 
ing the mixture undisturbed for one hour at the 
temperature ої the room (299 C.). A similar pheno- 
menon is seen when blood is treated with 9 vols of 
A, Nacl except that the sediment corpuscles are 
much fewer and the destructive changes noticed in 
them are more marked. 


We thus see that complete hemolysis can not 
be brought about by mixing one volume of blood 
with even nine vols of distilled water огу, Мас! 
solution. The dark colouration described by Wright 
and others is, however, generally obtained when the 
blood is mixed with 2 parts of z; to ғу Nacl solution. 


The point at which the dark colouration is 
obtained may, for the sake of convenience, be called 
Wrights hemolytic point. It does not, however, 
represent the point. of absolutely complete haemolysis. 
This hemolytic point 15 different in the case of the 
Bengalee from that of Europeans as determined 
by Wright and others. In the case of the latter, 
Wright found it to be reached at т; Nacl, while 
in the case of the Bengalee it was reached in my obser- 
vation at 45 to 3; Nacl. This closely resembles the 
observations of Captain McCay * 

References :—1. Wright and Kilner, Lancet, April 2nd. 1904. 


2. Wright and Ross, Ibid, October 21st 1905. 
3. McCay, Ibid, June ist, 1907. 


PLATE I. 





Sediment corpuscles from a mixture of one part of blood 
and 40 parts of distilled water. 


PLATE II. 





Sediment corpuscles from a mixture of one part of blood 
and two parts of №. NaCl solution. 


100 
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CHAPTER П. 


[asma nc cum cd 


Behaviour of the erythrocytes towards hyros- 
motic solutions of Nacl—the curve of 
hemolysis with hyposmotic 
Nacl solutions. 


In the former Chapter, I have pointed out that 
complete hemolysis can not, be brought about by 
mixing one volume of blood with two volumes of a 
progressive dilution of Nacl solution, however high the 
dilution may be. I have observed from 35 to З) Nacl 
solutions, the degree of hzemolvsis is very sudden and 
from яз to gs or jy itis some-what gradual. From X 
upwards, the amount of ha:molysis increases still more 
slightly with the higher dilutions. With 4X, generally, 
there is no hemolysis, while with з it is faint or some- 
times absent. This latter fact does not quite agree 
with the observations of Sir А. E. Wright. © The 
table on page 8, shews the amount of hzmolysis 
obtained by ntxing one volume of blood with 2 vols of 
iy to 4, Nacl solutions. 

The methods by which I determined the degree of 
hemolysis in any particular mixture of blood and salt 
solution are described on page 9. As the technique 
of these methods is my own, I give а description of 
them here. | 
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Determination of the degree af hemolysis in a 


mixture of blood and NaCl solution :— 


One part of blood was mixed with two parts of 5 


NaCl solution, where x means 2ny whole number from 20 
to 100 and then the mixtures were centrifugalised after 
thorough mixing. Equal volumes of the supernatant 
fluids were then pipetted off into separate tubes of uni- 
form and exactly equal bore and mixed with such pro- 
portions of distilled water that the tint in all of them 
became the same as that of а standard dilute hemo- 
globin solution contained in a tube of similar bore, the 
tubes being held against a sheet of perfectly white paper 
and their tint compared by day light. It is evident 
that the greater the degree of hzmolysis in апу 
particular mixture, the larger would be the quantity 
of water required to dilute the supernatant fluid with, 
in order to make its tint equal to that of the dilute 
hemoglobin solution. (See Figs. I and Il). 

Another method by which I determined quantita- 
tively the amount of dissolved hæmoglobin in a mixture 
of blood and NaCl solution was as follows':— 

A definite volume of the clear supernatant fluid 
(say 20 cb. mm) described above was taken and 
mixed with water in one of the chambers of a Fleishl's 
Haemoglobinometer and then the amount of hæmo- 
globin in the fluid was estimated by means of 
the apparatus. The following table illustrates the 
point :— 


2 
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Amount of dissolved hemoglobin in 20 cb. mm. of 
the supernatant fluid obtained after centrifugalisation 
of a mixture of blood and 2 vols. of X NaCl solution. 


(Х = any whole number from 20 to 100). 
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In the above way, I have madg out a curve which I 
have designated the curve of hemolysis with hypos- 
motic NaCl solutions. (See Fig. ПІ.) 

From this curve, it will be seen that the very 
beginning of haemolysis starts with 4, NaCl solution. 
Then, as already mentioned, the degree of hemolysis 
increases suddenly from 75 to ẹ NaCl solution. I con- 
sider that this sudden increase is due to the operation 
of at least one new factor in the production of haemo- 
lysis. When blood is treated with a physiologically 
normal NaCl solution, there 15 no hemolysis nor апу 
change in the volume of the corpuscles. When the 
blood is treated with a slightly more dilute NaCl 
solution the erythrocytes swell up but do not allow 
the escape of hemoglobin to take place. With 4, NaCl 
the first beginning of hze-nolysis is seen. But with JS 
more water enters the ervthrocytes, most of which now 
become very much over-distended, their walls probably 





Fig. 1. Кір. ff. 


Fig. 1.—А standard solution of hemoglobin. 


Fig. П.--20 cb. mm. of the supernatant fluid obtained by 
centrifuging one part of blood and 2 parts of Зо 
NaCl, diluted with distilled water so as to make its 
tint same as that of the hæmoglobin solution. in 


Fig. Г. 
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rupture and а large amount of hæmoglobin escapes. 
Hence the sudden increase of hzemolysis from 3, to {5 
NaCl solution. I shall, however, shew, later on, that 
osmosis and rupture alone can not explain the whole 
phenomenon of hzmolysis by  hyposmotic NaCl 
solutions. 

If the erythrocytes of a specimen of blood be 
washed thoroughly with үз NaCl solution and then if 
one volume of the suspension of the erythrocytes in 
the ту NaCl solution is treated with 2 vols of 2, NaCl 
solution, it is found that there is almost always a 
greater hamolysis than when one volume of the un- 
washed blood is treated in the same way. The follow- 
ing table illustrates the point :— 

















| Unwashed 
| erythrocytes | Washed erythrocytes in ү, NaCl 
2 vols of + 2 vols of 5, NaCl. 
| x» NaCl. 
very faint | 
_ hemolysis. | xcii 
2 | Do. Do. 
3 | Faint. Rather marked. 
4 | Do. Do. 


The explanation of the above phenomenon is simple. 
Since the serum contains more NaCl than 4, NaCl, it 
follows that the salt concentration of the blood diluted 
with 2 vols of 45 NaCl solution is higher than when the 
serum is replaced by +5 NaCl solution. Since, however, 
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xs. NaCl solution just starts the very beginning of 
hazemolysis, it follows that a dilution even slightly higher 
than that of a mixture of one volume of blood and two 
volumes of ys NaCl will bring about some amount of 
hzemolysis. Thus one volume cf a suspension of the 
erythrocytes in 45 NaCl solution plus two volumes of 
т; NaCl solution often shews more hemolysis than the 
unwashed erythrocytes. 

According to the observations of Von Limbeck and 
others ® the isotonicity of the erythrocytes usually 
ranges from '48 to ‘46 per cent. As pointed out before, 
the first beginning of hzmolysis in the blood of my 
students was observed at 2, NaCl solution: 

. 1 vol. of blood+2 vols. of ;; NaCl = Beginning 
of hemolysis. 

As I shall point out later on, one vol. of blood con- 
tains nearly 2 vol. of serum and the chlorides in the 
serum amount to 66547 NaCl. 

°. the fluid portion in the above mixture contains 
2} volumes and these two-half volumes contain 
4 x 66547 -:585 or 91777; NaCl considering, of course, 
for a moment, that no osmosis has taken place between 
the erythrocytes and the diluted serum.  .". one volume 
of the mixture = :3677 NaCl z.e. the serum separated 
from one volume of the Bengali student's blood can 
be diluted down to a point corresponding to ‘367% 
NaCl solution before that diluted serum can cause 
any hemolysis when mixed with the erythrocytes 
separated from the same volume of blood. 

To calculate the salt concentration of the blood at 
which hamolysis starts, we are to consider that when 
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blood is mixed with two volumes of ẹ NaCl solution, 
water enters the erythrocytes till there is an osmotic 
equilibrium. When this is established we have, 

1 volume of blood + 2 volumes of ẹ NaCl = 
Beginning of hzmolysis. 

7. 3 volumes of the diluted blood = (6654+ 585) 
NaCl or 1°2504% NaCl. 

or 1 volume = .41687/ Nacl. 
References :— 

1. Wright and Ross, Lancet, October 21st 1905. 

2. Da Costa, Clinical Hasmatology, 1906. 





CHAPTER ПІ. 
Behaviour of the erythrocytes towards hyper- 
osmotic solutions of NaCl—the curves of 
hemolysis with hyperosmotic NaCl 
solutions—the properties of 
salted erythrocytes. 


Behaviour towards very concentrated NaCl solutions :— 





When one volume of human blood is mixed with 
15 volumes of a saturated NaCl solution in distilled 
water, the mixture at once becomes turbid. The tur- 
bidity is followed within а few minutes by a marked 
solution of the erythrocytes and the mixture at the same 
time becomes clear to a great extent. In the rabbit's 
blood no such clearing up of the mixture takes place 
within а short time and the fluid remains turbid for a 
much longer time. If the rabbit's blood after it has 
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been treated in the above way be centrifugalised within 
ten minutes, it is found that the supernatant liquid be- 
comes faintly red, shewing that only slight hæmolysis 
had taken place, contrary to what is found in. the case 
of human blood in which the supernatant fluid is found 
to be markedly red. 


Similarly, if one part of human blood is mixed with 
two parts of a saturated NaCl solution (which we shall 
henceforth call $* NaCl solution) the mixture at once 
becomes turbid and at first shews a slight haemolysis 
which quickly increases till in the course of a few minutes 
it becomes marked. With 2 vols. of $*, $*, up to $* 
a similar turbidity 15 noticed, but at first по haemolysis 
із observed within a few minutes. If the sediment of 
each of these specimens ої blood "be mixed with the 
supernatant fluid at its top, we find that the sediment 
dissolves in it more and more, making it more and 
more red; finally a sediment remains behind which 
does not dissolve any more and which 15 smaller in 
amount the greater the strengeh of the NaCl 
solution. With =, we find generally no haemolysis 
takes place. 


The sediment from each of the above. possesses 
the remarkable property of dissolving in +5 NaCl 
solution, the amount dissolved varying with the 
strength of the NaCl with which the blood was previ- 


e З or saturated NaCl solution = бү NaCl at the temperature 
at which I have worked ; = опе part of a saturated NaCl 
solution diluted with one part of distilled water; $ = опе 
part of a saturated NaCl solution diluted with 2 parts 
of distilled water, &c. &c. 
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ously treated. Thus the sediment from $ NaCl solution 
dissolves completely, while that from $ dissolves only 
partially in the 435 NaCl solution. It is thus seen that 
while +5 NaCl acts as an zzactive fluid towards the sedi- 
ment of a mixture of blood and two vols of a hyposmotic 
NaCl solution (see before), it has the remarkable 
property of dissolving completely the sediment of the 
erythrocytes which have previously been treated Ьу $ 
NaCl solution. 


The amount of hæmolysis obtained by mixing 
blood with the concentrated NaCl solution increases 
with the extent of time the blood is kept mixed with 
the solution. Thus when human blood is mixed with $ 
NaCl solution, the'supernatant fluid at first appears 
colourless, but after an hour some hzmolysis is ob- 
served in the mixture. 


From the above it will be seen that in describing 
the curve of hzmolysis in human blood treated with 
hyper-osmotic NaCl solutions, we have to take the fol- 
lowing factors into consideration :—(1) Effect of time. 
(2) Effect of repeated centrifugalisations. In this way 
three curves can be described :—(1) Curve of hzmo- 
lysis in human blood treated with varying dilutions of $ 
NaCl solution and the mixture very quickly centrifu- 
galised. (2) Curve of haemolysis after repeated centrifu- 
galisations. (3) Curve of hemolysis in the mixture after 
sometime (say an hour). These are represented in 
Figs. IV, V and VI. 

The salted erythrocytes :—By salted erythrocytes, 
І mean, the erythrocytes that are found in the sediment 
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after centnfugalisation of a mixture of blood and а 
very hyper-osmotic NaCl solution. 

The behaviour of human blood towards saturated 
NaCl solution has already been described. We now 
proceed to describe the properties of the salted 
erythrocytes. As the erythrocytes of the rabbit's 
blood shew these properties very distinctly and as they 
have not been studied by any previous observer, I 
shall describe them here at some length. The erythro- 
cytes of human blood also possess the same properties 
to a more or less extent. 

(1) If the sediment of the rabbit's blood obtained 
in the above way be mixed with the supernatant fluid 
at its top, it possesses the remarkable property of 
dissolving to some extent, shewing, as it were, the 
hæmoglobin was squeezed out of the erythrocytes 
during the process of centrifugalisation (see Figs. VII 
and VIII). This phenomenon was discovered in the 
following way ;—one volume of the rabbit’s blood was 
mixed with 15 volumes of a saturated NaCl solution in 
two separate tubes ; one of the mixtures was then cen- 
trifugalised and the other one left undisturbed. The 
sediment in the centrifugalised blood was mixed with 
its supernatant fluid and the mixture was again centri- 
fugalised and so on and it was found that ‘each time 
that the sediment was mixed with the supernatant fluid 
after each successive centrifugalisation and then the 
mixture centrifugalised again, the tint of the superna- 
tant fluid become more and more red. On the other 
hand, when the mixture in the other tube was centrifu- 
galised after quarter of an hour during which the forme: 
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Fig. РИ. Fig. VIII. 


Fig УП,—Тһе supernatant fluid obtained by centrifuging a 
mixture of one part of rabbit’s blood and 15 
parts of saturated NaCl solution, the centri- 
'fugalisation being performed within quarter of 
an hour after the mixture of the blood with the 
NaCl solution—very faint red colour in the 


supernatant fluid. 


Fig VIIL— Tbe sediment from Fig. VII mixed with the super- 
natant fluid at the top—marked redness of the 
supernatant fluid after centrifugalisation. 
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experiment was performed, it shewed very much less 
red tint at the top than in the supernatant fluid in the 
other tube. From this it is evident that the salted ery- 
throcytes undergo hemolysis each time they are centri- 
fugalised, the haemoglobin being, as it were, squeezed 
out of them in their vibration during centrifugalisation 
and also when they are jammed against each other at 
the bottom of the centrifugalising tube. — 


(2) The corpuscles in the same sediment dissolve 
to a very great extent when treated with an 4'5 NaCl 
solution. 


(3) The salted erythrocytes are found to be 
contracted in size, but many of their present а 
globular shape and do not appear wrinkled ог 
crenated, as опе would expect to observe from the 
membrane theory of the walls of the erythrocytes. 
Some of them still. contain haemoglobin, while others. 
are decolourised. Many of those that are decolouriséd. 
present a globular appearance under the microscbpe 
(see plate III). That they are contracted is shewn by 
the following table :— 





Volume of the salted red 
corpuscles to total blood. 
(Blood 2 vols. of 5 p 


| Volume of normal red 
corpuscles to total blood. 






























Rabbit б шо 5 І | Tu о 28 
Student 1$-—051 то —0'30 
Student 1$20:52 зе 7C42 
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The method by which І estimated the volume ot 
the corpuscles in normal blood consisted in mixing 
the specimen of the blood with a definite volume of 
247” solution of K, Cr, О, and calculating from this 
the volume of the corpuscles after centrifugalisation’. 
In the case of the blood treated with $ or $ NaCl, the 
mixture was simply centrifugalised and since no coagu- 
lation took place, the volume was easily calculated. 


I would now summarise all the phenomena presented 
by the rabbit's blood when treaied with a saturated 
NaCl solution :— 


(1) Rabbit’s blood + 15 parts of $ NaCl=red 
sediment on centrifugalisation, and at first a. colourless 
supernatant fluid at the top. 5 


(2) The sediment from above + 5 vols of $ NaCl or 
the supernatant liquid at the top=some solution of 
the erythrocytes; the solution of the erythrocytes 
increases with the number of times the sediment is 
mixed with the supernatant fluid at the top. 


(3) Sediment from (1) + 55 NaCl solution = very 
marked solution of the erythrocytes. 

(4) Sediment from (1) shews erythrocytes much 
contracted in size, but many of them present a globular 
shape and are not wrinkled or crenated ; some contain 
hzemoglolin, others are decolourized. 

(5) Blood +5 NaCl solution = a very turbid appear- 
ance; this turbidity lasts longer in the case of the 
rabbit’s than in the case of human blood; at first the 
turbid fluid when centrifugalised shews по red tint in 
the supernatant fluid at the top in the case of the 


PLATE III. 





The salted erythrocytes of the rabbit obtained by centri- 
fuging a mixture of one part of blood and 15 parts of sa- 
turated NaCl solution. 


PLATE VI. 





Normal erythrocytes of the rabbit. 
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rabbit's blood, but in the case of man, a гей. tint 
always appears. After an hour, the mixture of the 
rabbit's blood also shews a red tint in the supernatant 
fluid after centrifugalisation. 


The most probable explanation. of the above 
phenomena appears to me to be a marked change in 
the outer wall of the erythrocytes brought about by 
the NaCl of the saturated solution; probably a sort of 
combination takes place between the NaCl and the 
outer walls of the erythrocytes. In the next chapter, 
| shall shew the possibility of the presence of such 
a compound. This compound finally leads to the 
destruction of some portion of the walls of the ery- 
throcytes. К 


When blood is mixed with saturated NaCl solution, 
no doubt water comes out of the erythrocytes by the 
process of osmosis and they accordingly contract ; 
when the sediment from the above is treated with 
13, NaCl, water re-enters their structure and as a result 
of this, they try to expand and regain their original 
size. But either they burst before or às soon as they 
recover their original size or it may be that the water 
of the ть NaCl solution decomposes or dissolves the 
compound of the NaCl and the outer wall of the 
erythrocytes. This compound is probably very easily 
decomposed. 

It is evident that osmosts alone can not explain 
the hemolysis of blood by saturated NaCl solution. 
The remarkable phenomenon of hamoglobin coming 
out of the corpuscles during centrifugalisation 1s pro- 
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bably explained by assuming that the damaged 
walls of the erythrocytes allow hæmoglobin to pass 
through them by a process allied to tration under 
high presure. Аз soon as there is the decomposition 
of the unstable compound of the NaCl with the outer 
wall of the erythrocytes, the latter behave like small 
spheres of sponges containing dissolved colouring 
matter. Probably the same changes also take place 
in the erythrocytes when blood is treated with 5 or 
half-saturated NaCl solution. | 


Behaviour of the erythrocytes towards less concen- 
trated solutions of NaCl :— 


= When human blood is treated. with two volumes 
of a hypertonic NaCl solution of the strength 7, 
we find that the mixture becomes somewhat opaque 
and bright red. The sediment from such a mixture 
when mixed with the supernatant fluid at the top 
shews, as stated before, some hzmolysis, but it 
is much less than when the blood is treated with 
5. NaCl solution. 


Behaviour of blood towards NaCl solutions of 
strengths between Я" and ұу NaCl solutions :— 


Between these limits we find that with 7 generally, 
no hemolysis takes place, so also with З, апа jY 


NaCl solutions. See Fig. IX. 
Reference :—1, Stewart's Physiology. 
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* According to my calculations, 5 NaCl= 3 NaCl. 
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Fig. 1Х.—Сигуе of hemolysis with NaCl solution of strengths 


between Х and (one part of human blood 


+ 2 parts of NaCl solution). 
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CHAPTER IV. 


p d 


Possibility of absorption of NaCl by the 
erythrocytes when blood is treated 
with saturated or half-saturated 
NaCl solution. 


The researches of Hedin’, Eykman’, Stewart’, and 
others shew that the permeability of the erythocytes 
for NaCl is verv slight or none at all. As far, however, 
as I am aware there are no records of any observations 
of the action of saturated or half-saturated NaCl 
solution upon erythrocytes. 

I have shewn in the former chapter that the pro- 
perties of salted erythrocytes would lead one to the 
supposition that а possible combination takes place 
between the NaCl of the saturated or half-saturated 
NaCl solution and the erythrocytes. "Whether any 
NaClis absorbed or not by the erythrocytes when 
blood is treated with saturated or half-saturated NaCl 
solution can be determined in two ways :— 

(1) By taking the electric. conductivity of the 
blood before and after the mixture. 

(2) By actual chemical analysis of the supernatant 
fluid after centrifugalisation of the mixture. 


~ 
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І have, at present, been making observations accord- 
ing to the second method of investigation and the 
few experiments, that I have made, shew the great 
possibility of the absorption of NaCl by the erythro- 
cytes under the circumstances mentioned above. As 
this method of investigation is my own, I describe 
it in detail ;— 

This chemical analysis method depends upon the 
following calculations : 

(1) Volume of the serum in normal blood. 

(2) Volume of the serum in blood treated with 
5 or $ NaCl solution. 

(3) The quantitative estimation of the chlorides of 
the serum. d 

(4) The quantitative estimation of NaCl in the 
solution of NaCl used (say 5). 

(s) The quantitative estimation of the chlorides 
in the serum after blood is mixed with, say, two 
volumes of 5, NaCl solution. 

(6) The theoretical estimation of the chlorides 
of the above serum. 

(7) The presence of any difference between the 
above two estimations 7.e.(5) and (6) and its explanation. 
Ist experiment. 

(1) One part of rabbit’s blood was taken and 
centrifugalised after being mixed with 21 % solution 
of К, Cr, O, It was foynd by an average of 3 
experiments : m 


Volume of Serum  ,, і | 
Volume of Blood = yoo ОГ б nearly. (1) 
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(2) One volume of blood was mixed with 2 vols 
of з NaCl solution and the mixture was quickly 
centrifugalised. It was found that 32 parts of the 
mixture contained 3 уу parts of supernatant fluid т.е. $i 
part of the supernatant flud ог diluted serum was 
contained in one part of the mixture. (2) 


(3) Ву quantitative estimation, the chlorides ої 
the rabbit's serum were found as follows :— 


1 vol. of serum = x, vol. ої N NaCl. (3) 


(4) The quantitative. estimation of the chlorides 
in the supernatant fluid after centrifugalisation of a 
mixture of 1 part of blood and 2 parts of $ NaCl 
solution was found to be, by an average of three 
experiments, as follows :— 

1 vol of the supernatant fluid = 1'833 vol. of f 
NaCl. (4) 

(5) By actual experiment it was also found 

1 vol of $=1 vol. of $5 $ NaCl or 3 vol.of 3 NaCI.(, ) 

From the above we should have in the serum 
obtained from a mixture of 2 vols of 53 NaCl and 
1 volume of blood, an amount of NaCl which is 
contained in (6 + 1 x я) vol. of 3 NaCl, provided 
ло combination has taken place between the corpuscles 
and the NaCl of the à NaCl solution. 

Also 3 volumes of the mixture contain 3X бог 


i$ volumes of supernatant fluid. 
: 3% volumes of the supernatant fluid contain the 


12303 


amount of NaCl which is present in 2 volumes of 3 


NaCl. 


'. р volume should contain the amount of NaCl that 
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is present in *A х 1$ т.е. 2.23 volumes of 3 NaCl. (6) 
But by actual experiment it was found that 1 volume 
of the supernatant fluid contained the amount of NaCl 


which is present in 1.833 volumes of * NaCl. 


.. The amount of NaCl contained in `397 volume 
of У NaCl solution must have been absorbed by the 
erythrocytes of the blood. 


2nd experiment :— 
Student, H. H. G. 


(1) In estimating the volume of the serum com- 
pared with that of the blood, the same method as in 
the former case was adopted. 


.. It was found from this 1 volume of blood con- 
tained 4% or nearly 1 volume of pure serum. (1) 


(2) One volume of blood was mixed with 2 volumes 
of $ NaCl solution and the mixture was quickly 
centrifugalised. It was found 5 volumes of the 
mixture contained 9 volumes of the supernatant fluid. 


". хе Volume of the supernatant fluid was contain- 
ed in one volume of the mixture. (2) 


(3) By quantitative. estimation, the chlorides of 
this student's'serum were found to be as follows :— 

1 volume of serum = 4, vol. of ў NaCl. (3) 

(4) The quantitative. estimation of the chlorides 
in the supernatant fluid after centrifugalisation of the 
mixture of т part of blood. апа 2 parts of $ NaCl 
solution was found to be a follows :— 

ı volume of the supernatant fluid=2 volumes 
of 3 NaCl. (4) 
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(5) By actu calculation it was found 

1 volume of $ = 3 volumes of ¥ NaCl. (5) 

From the above we should have in the supernatant 
fluid obtained from a mixture of 2 volumes of $ 
NaCl and т volume of blood, an amount of NaCl 
which is contained in (6+4 х.) volumes of = NaCl, 
provided that no combination has taken place between 
the corpuscles and the NaCl of the $ solution. 

Also 3 volumes of the mixture contain 3 х or = 
volumes of the supernatant fluid. 

. 27 volumes of the superratant fluid contain 
the amount of NaCl which is present in *? volumes 
of 3 NaCl. 

t volume contains the amount ої NaCl 

which is present in 0 Xis or 
2: 24 volumes of 3 NaCl (6) 
But by actual experiment, 1 volume of the superna- 
tant fluid contained the amount of NaCl which is 


present in 2 volumes of ¥ NaCl solution. 
, the amount of NaCl which is contained in 24 


volumes of N NaCl solution must have been absorbed 
by the erythrocytes. 
370 Experiment : 

Student R. P. М, 

(1) Here too in estimating the volume of the 
serum compared with that of blood the same method 
as in the above experiments was adopted. 

[t was found that one volume of biood contained + 


ог nearly 4 vol of pure serum. | (1) 


4 
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(2) One volume ot blood was mixed with 2 vols of 
5 NaCl solution and the mixture was quickly centrifu- 
galised. 
It was found 23 volumes of the supernatant fluid 
was contained in one volume of the mixture (2) 


(3) By quantitative estimation, the chlorides of 
the student's serum was found as follows :-— 


1 volume of serum ,'), 5 NaCl (3) 


(4) The quantitative estimation of the chlorides 
in the supernatant fluid after centrifugalisation. of the 
mixture of 1 part of blood and 2 parts of , NaCl 
solution was found to be as follows: 


1 volume of the supernatant fluid 


= 2 volumes of * NaCl. (4) 
(5) By actual experiment it was found 
1 volume of $ = 3 volumes of " NaCl (5) 


From the above we should have in the supernatant 
fluid obtained from a mixture of 2 volumes of * NaCl 
and т volume of blood, an amount of NaCl which 
is present in (б+х+%) volumes of " NaCl, pro- 
vided that no combination has taken place between the 
corpuscles and the NaCl of the = solution. 


Also 3 volume of the mixture contains 22 volumes 
of the supernatant fluid. 

. 42 vo] 5 of this fluid | 

. 22 volumes of this fluid contain an amcunt of 
NaCl which is present in 2242 volumes of " NaCl. 

1 volume contains ап amount of NaCl which 

Is present in 1711 x 2% or 2.34 volumes of È NaCl 
solution. (6) 


a 
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But by actual experiment it was found that one 
volume of the supernatant fluid contained an amount 
of NaCl which is present in 2 volumes of Х NaCl. 

г. the amount of NaCl which is contained in ^54 
volumes of X NaCl solution must have been absorbed 
by the erythrocytes. 

The above method was also adopted to determine 
whether any combination takes place between the 
erythrocytes of the rabbit’s blood and NaCl when the 
former is mixed with two volumes of 3 NaCl solution. 
The following data were thus obtained :— 

(1) Volume of serum=;°)5 volume of the blood 
or nearly 4. 

(2) By centrifugalisation of a mixture of one part 
of blood and two parts of 3 NaCl solution, it was 
found that the volume of the corpuscles was ?th that of 
the blood. 

. 2 volumes of = NaCl+1 volume of blood con- 
tain 2} volumes of the diluted serum. 

Dy actual calculation we have one volume of 
ѕегит = + NaCl .. 2} volumes of the diluted 
serum contain an amount of NaCl which is present 
in 2 volumes of $ NaCl4 1 vol of 4; хт; 2 NaCl, 
provided no combination has taken place between the 
corpuscles and the VaCl of the З NaCl solution. 

t.e. 2% volumes of the diluted serum = 2:062 vols of 
3 NaClor г vol = 222 vol. of $ NaCl--:7931: vul. 
of * NaCl. у 

By actual calculation it was found that 

2 vols of the diluted serum = 4x4 x4 vol. of 
i Ag N О, ог one volume = 8 vol. of } NaCl. 
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". The difference between the two calculations is 
(8—':7931) vol of $ NaCl- ообо vol. of з 
NaCl, which is within the errors of observation. 

Therefore, no combination takes place between the 
erythrocytes of the rabbit's blood and the NaCl of the 

* NaCl and this is also confirmed by the fact that 

hardly any haemolysis takes place when 1 volume 

of the rabbit's blood is mixed with 2 vols. of Ў NaCl 
solution, contrary to what is found when one volume 
S 


of the rabbit’s blood is mixed with 2 vols. of $ or 7 
NaCl solution. 


These few experiments lead to very important 
results which have not been observed before. If 
confirmed, they would definitely prove that when 
blood is treated with very concentrated NaCl solutions, 
the NaCl enters into combination with the erythrocytes 
and afterwards destroyes their resisting power to 
hemolysis. This combination is probably of the 
nature of adsorption.* 


It is thus seen that my observations agree 
with those of previous observers in so far that 
the erythrocytes are generally impermeable to 
NaCl when treated with certain concentrations of it, 
but when treated with very concentrated solutions, 
such as, saturated or half-saturated solution, combina- 
поп probably does take place and in this latter 
respect the behaviour ої the’ erythrocytes is different 
from what takes place when they are treated with 
comparatively dilute NaCl solutions. When such combi- 


* For definition of this term, see Biochemical Journal, 1906. 
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nation takes place, the erythrocytes are markedly 
changed in their. character and properties, as compared 
with those that are normal. Asa result of this, the 
erythrocytes, for a short time, as pointed out in. detail 
previously, behave like spheres of sponges holding 
dissolved colouring matter. But, sooner or later, a por- 
tion of the outer part of the erythrocytes is separated 
from its other constituents and as a result of this 
there is marked hzmolysis as well as complete dis- 
integration of the erythrocytes, as is shewn by the 
fact that shadow corpuscles аге fewer, when 
blood is treated with $ or $ NaCl solution, than when 
treated with a hyposmotic NaCl solution. This portion 
of the erythrocytes is perhaps the cell-globulin of 
Halliburton and Friend * and which was afterwards 
found to be a nucleo-proteid.5 It has been stated that 
the stroma of the erythrocytes contains only a small 
amount of this substance,‘ but it appears to me to be 
a very important constituent. of the erythrocytes 
preventing the solution of the erythrocytes in normal 
blood. It probably exists in combination with the 
lecithin and cholesterin existing in the walls of the 
erythrocytes.’ 
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CHAPTER V. 


Resistance of the erythrocytes to hamolysis 
under certain abnormal conditions—In- 


creased resistance of the walls of 
the erythrocytes under certain 


abnormal conlitions—Hem- 
alkalinity and Ham-salinity. 


I have already observed that if one volume of 
normal blood is mixed with two volumes of з» NaCl 
solution, slight hemolysis is not infrequently observed, 
while with 43 it is often distinct or sometimes even 
marked. In certain forms of anzinia, 2 volumes of 
з» NaCl causes no hemolysis, while œ or even 35 
NaCl causes very slight ог no hamolysis. In other 
words, the erythrocytes in some forms of anzmia 
resist haemolysis more than normal blood. Captain 
McCay by estimating the haemosozoic value of serum 
in certain forms of anzmia also arrives at the same 
conclusion and he thinks that this might be due to 
the presence of an antihaemolysin. ' 

This resistance of the erythrocytes to hzemolysis 
in some forms of anzmia leads опе to investigate if 
the causation could be in the serum. It has, there- 
fore, been found necessary to determine the ham- 
alkalinity and h:em-salinity of these cases and compare 
them with normal. As the methods adopted for the 
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determination. of these two factors were somewhat 
different from those generally described in text-books 
or journals, І take the liberty of describing them here : 


fHematkalinity : The method adopted was а modi- 
fication of that described by Moore апа Wilson.’ 
In this method not more Шап 10 cb. mm of serum 
were required and 50 cb. mm ої blood enabled me to 
estimate both hem-alkalinity and haem-salinity.. The 
methods devised by Landois 2, Liebreich +, Haycraft and 
Williamson 5, and Kraus, * for estimating the alkalinity 
of blood are пої, as pointed оці by Da Costa, ? well 
adapted to rouune blood work. 


50 cb. mm of blood were taken from the finger, 
which was sterilized With 54 formol solution and put 
into a perfectly dry sterilized tube and then quickly 
centrifuzalised. Tue tube was then closed air-tight to 
prevent any evaporation and allowed to stand for 
about 12 hours and again centrifugalised, so as to free 
the serum from all the erythrocytes. 10 cb. mm of 
the serum were treated with a solution of 45; Н, S О, 
in а white porcelain shallow capsule, using a drop or 
two of a fresh dilution of an alcoholic solution of 
Di-methyl-amido-azo-benzol in distilled water as an 
indicator, the first beginning of neutralization being 
indicated by a faint rose colour at the side of the 
solution in the porcelain capsule. 





NP FERMO V о. PEN RONDE MEER RE E ОЧСО 
*[ yenerally mix one drop ої the alcoholic. solution with 
about 2 cc. ої distilled water just at the time of the 
experiment. 

A few drops of this mixture are added to the serum to 
make it faintly yellow. 
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The salinity of the blood was estimated by treating 
10 cb. mm of blood with 43, Ag N O, using a solution 
of K, Cr O , as an indicator. 

A series of observations were made on the blood of 
tke healthy students as well as of some cases cf 
anzemia and the results obtained are appended in the 
accompanying tables. 


Salinity and Basic Reactivity of normal blood. 








| | Вас] ommencing 
asic haemolysis was 
| | Sei. | ен, | eas 
== ы NEN ° by 2 vols of 
| МАМЕА: хма | 6435 7 200 Normal] +> NaCl. 
2 D.N.R “58607 | 180 ,, Do. 
| 
3| R. 64357 160 ,, Do. 
4| 9 10207 160 ,, Do. 
| 
5 H. N.S. | 70207 '210 ,, Do. 
6 I. | 64357 "200 ,, Оо. 
| 
7| С. | 702075 (27470 ж Do. 
9 | S. C.R. 70207 | GO: as Do. 


Average. = 6654% ='178 У Do. 
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It will be seen from the above that while there was 
not much appreciable difference in the chlorides of the 
serum in some of the cases of апета compared .with 
the normal, there was rather a distinct diminution in the 
alkalinity of the serum in almost all of them. This 
latter fact, so far as I am aware, has not been noted 
by any previous observer. V. Jaksch, however, by 
titration of opaque blood also finds diminution of 
alkalinity in all anzemias.? 


It is evident that the resistance of the erythro- 
cytes to hemolysis in these cases of anzemia (especially 
ankylostomiasis) is not due to the presence of any 
excess of chlorides in the serum. Besides in two of 
these cases, I washed the erythracytes several times 
with a deci-normal solution of NaCl, till the supernatant 
fluid obtained on centrifugalisation was found to be 
perfectly free from the slightest trace of albumen. 
One volume of the melas of the erythrocytes was 
now treated with 2 vols. of у NaCl and it was found 
the resulting mixture did not shew any hemolysis at 
all, while normal blood under similar circumstances 
shewed marked hzmolysis. 


The diminition in the alkalinity of the serum in the 
cases of anemia cannot, however, explain the in- 
creased resistance of the erythrocytes to haemolysis, 
because diminished alkalinity increases the tendency 
to hemolysis’. 


The resistance of the erythrocytes of some of 
these cases of anemia to hemolysis is пої, therefore, 
due to anything present in the serum. Whatever may 
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be the cause, it must exsist in the red corpuscles 
themselves. 


ft may be stated here that there was a distinct 
increase in the salinity of the serum in the case of 
cancer of the stomach. 
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CHAPTER VI. 


qa ee 


The effects of evaporation on the resistince 
of the erythrocytes to hemolysis. 


If a specimen of blood be washed in an т, NaCl 
solution till all the serum is completely removed, and 
if the red corpuscles that are thus obtained be spread 
over a slide and then allowed to dry, the erythro- 
cytes over the slide possess the remarkable property of 
dissolving in 3. NaCl solution, though the latter has 
no action on the erythrocytes that have not undergone 
this sort of drying up. 
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The erythrocytes before undergoing hemolysis be- 
come markedly swollen in size, as shewn in plate IV. 


This phenomenon was observed as follows :— 


A drop of г, NaCl solution was put over a cover 
glass which was now placed over the dried specimen 
of blood on the slide, the surface with the drop of 
N, NaCl on it being made to come in contact with the 
erythrocytes on the slide. It was found that the ery- 
throcytes which were present near to the edge of the 
cover-glass and which had not undergone hemolysis 
became markedly swollen in size evidently due to the 
absorption of water, while those in the centre had 
undergone complete solution, 


How, now, are we to explain the phenomenon of 
the dried erythrocytes getting swollen апа finally 
dissolving, when treated with an 4; NaCl which is 
isotonic towards the undried erythrocytes ? 


When a blood film dries no doubt water comes 
out of the erythrocytes. When such a dried film 
comes in contact with an .N NaCl solution, the 
erythrocytes tend to abstract, from the solution, 
the water lost in the process of drying. But the 
fact that they become markedly swollen and 
also tend to dissolve in the 2, NaCl solution, shews 
that they become more permeable to water than the 
undried erythrocytes. As a result of this, those that are 
very much over-distended probably rupture, and conse- 
quently their hæmoglobin escapes and goes into solu. 
tion. This increased permeability of the erythrocytes to 
water must be due to а marked change in the outer 


PLATE IV. 





Fig. 1. 


Fig. I..—Normal erythrocytes of man fixed in absolute alcohol 
and stained with eosin. 





Fig. ІГ. 


Fig. П.— Тһе erythrocytes of man after being washed with 
N NaCl solution are gently spread over a slide and allowed 
їо dry at the temperature of the room (29°C); then they are 
treated with 2* NaCl—the swollen appearance of the erythro- 
cytes before they dissolve. 
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portion of the erythrocytes. Probably in the process ої 
dessication, a marked chemical change takes place in 
the Whole of the structure of the erythrocytes. It 15 
possible that hæmoglobin, as it exists inside nor- 
mal erythrocytes, remains as a sort of compound with 
H,O, and that this compound of hamoglobin and 
Н,О is decom posed during evaporation. Consequently, 
the behaviour of the erythrocytes after dessication 
towards 2, NaCl solution is different from the behavi- 
our of those that are not so dessicated. Dessication 
probably means death of the erythrocytes with conse- 
quent change in their constitution. 


From the above, it is evident that the dried erythro- 
cytes absorb much more water than was lost by them 
during the process of evaporation. 


This leads to the conclusion that the amount of 
water that enters into the structure of the living erythro- 
cytes, is not simply a phenomenon of osmosis, but is, 
to some extent, a determinative action as regards 
the quantity of water, being probably a sort of vital 
phenomenon. The enormous swelling of the dried 
erythrocytes when treated with ;5 NaCl solution shews 
that such erythrocytes have lost this selective 
power, and water is absorbed by them, without any 
control and solution т.е. haemolysis ultimately results. 


( 38 ) 
CHAPTER VII. 





Resistance of the erythrocytes of blood that has 
been kept shed for some time to hamolysis— 
Spontaneous hemolysis—Lffect of +в NaCl 
upon spontaneous hemolysis—hemolysis 
and Coagulation—Effect of X—rays upon 
the resistance of the erythrocytes to 
hemolysis. 

In the previous chapter, I have shewn that erythro- 
cytes dried on a slide undergo such marked changes 
in their constitution that they dfssolve in 4X NaCl 
solution. As I have pointed out, this phenomenon 
may be due to death of the erythrocytes in the pro- 
cess of dessication, resulting in their increased per- 
meability to water and their consequent swelling up 
and subsequent rupture. 


If, on the other hand, blood is kept in a perfectly 
sterilized tube, evaporation being prevented by care- 
fully sealing the mouth of the tube, we find that 
the resistance to h:emolysis is not lost so soon as when 
the erythrocytes are dried on a slide. 

Thus we had in some cases :— 

1. Freshly drawn blood 4-2 vols. of P, NaCl = faint haemolysis. 
. Blood kept shed for 24 hours + о. = do. do. 
. Blood kept shed for 48 hours + do.—slight do. 


O ы 


. Blood kept shed for 80 hours + Яо. =distinct hæmolysis. 


( 39 ) 


From the above, it will be seen that the erythrocytes 
began to lose their power of resistance to hzmolysis 
Зо hours after the blood was kept shed at the tempera- 
ture of the room which was 29°C. This loss of 
the resisting power must be explained as a sign of the 
commencement o! the loss of vitality in the erythrocytes. 
Similary, it has been shewn that mammalian blood kept 
in the cold in a flask exposed to the influence of ice 
water, may retain its functional activity for 4 or 5 days, 
and that removed from the body for a longer period of 
time and then returned to the circulation, the red 
corpuscles rapidly undergo destruction.' In my obser- 
vations the power of resistance to hamolysis was 
distinctly lost eighty hours after the blood was 
shed. It will be seen that my method of treating 
blood with зу NaCl solution and observing the amount 
of hzmolysis that has taken place in the mixture, 
is a much simpler way of determining when the 
erythrocytes are beginning to lose their vital acti- 
vities than the difficult and complicated method of 
returning the erythrocytes to the circulation. and 


then watching whether they are undergoing destruction 
or not. 


The erythrocytes undergo spontaneous hemolysis 
in blood that has been kept shed for sometime, and 
this is independent, as has been pointed out by 
Stewart,’ of any bacterial infection. I have observed 
in some of my students spontaneous hzemolysis not 
taking place in their blood even 80 hours aíter the 
blood was kept shed in a perfectly sterilized and 
closed tube at the temperatute of the room in winter 
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(20 C.) In other cases, I found spontaneous hzemo- 
lysis starting earlier. The circumstances which en- 
hance or retard this are still under investigation. «One 
fact that I have noticed in some of my cases 15 the 
retarding of spontaneous hemolysis by the removal 
of the clot that was formed in the blood and also 
by the addition of a little sterilized я, NaCl solution. 
These conclusions have, however, to be tested by more 
extended observations, which I am at present 
continuing. If corroborated, they would possibly 
lead to the conclusion that probably something of 
the nature of a hemolysin is produced by the disintegra- 
tion of the leucocytes that are entangled in the clot. 


Effect of X—rays upon the resistance of the erythro- 
cytes to hemolysis :— 


It has been observed that electric shocks passed 
through blood, if sufficiently strong, cause hæmo- 
lysis. The effect of K—rays is, however, different. 
I have found that blood exposed to X—rays 
for 20 to 30 minutes do not shew any less resis- 
tance to hemolysis than the blood that has not been 
thus acted upon. Thus I have seen in some of my 
cases :— 


1. Blood (not exposed to X—rays)+ 2 vols. 
of +з NaCl = slight hemolysis. 
2. Blood (exposed for 20 minutes to X—rays) + 


2 vols. of у; NaCl = slight hemolysis. 


References :— 
І. Landois, Text Book of Human Physiology. 
2. Stewart, Journal of Physiology, vol. XXIV, 1899. 
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CHAPTER VIII. 





Constitution of the erythrocytes revealed from 
the phenomenon of hemolysis—Chemical 
combination and mass action—Mechanism 
of crenation—Entrance of water into the 
erythrocytes and their resistance to hæmo- 
lysis partly a vital phenomenon. 


Under what conditions does hemoglobin exist in red 


corpuscles ? 


The laking of blood by hyposmotic NaCl solu- 
tions has been supposed to be due partly io osmosis 
and partly to the specific sensibility of the cortical 
layer of the erythrocytes or the so-called membrane 
holding the hemoglobin within the corpuscles. I 
consider that at least a third factor is present, upon 
which the above phenomenon is, to some extent, 
dependent. If we examine the sediment corpuscles 
obtained by centrifuging a mixture of blood and two 
or more parts of distilled water (vide plates I and II), 
it is easily seen that a large number of them have 
undergone marked changes in shape, size and in the 
amount of contained hemoglobin. The appearances 
very much resemble what we observe in cases of 
апатіа (plate У). Some of the erythrocytes are 
resistant in the sense that they have not at all dis- 
charged their hemoglobin. But there are others 
which shew marked diminution in the amount of hamo- 
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globin. Some of them also shew marked changes 
in the distribution of their contained hæmoglobin, 
as compared with the normal. Evidently in these, 
the cortical layer or the so-called envelope has been 
ruptured, leading to partial escape of the hemoglobin. 
If, therefore, the hemoglobin has been partly dis- 
charged from them, the question arises as to what 
it is that prevents the remaining portion of the 
hæmoglobin from being completely discharged. The 
most probable assumption is that the process is, to some 
extent, allied to the Mass Action that takes. place in 
chemical reactions." In other words, there probably 
exists ап union allied to chemical combination 
between the hemoglobin of the erythrocytes and other 
portions of their structure. I have already given 
ѓсаѕопѕ to suppose that hemoglobin probably exists 
in combination with H,O. This compound is broken 
up when water enters the erythrocytes when treated 
with hyposmotic NaCl solutions, but the amount 
of decomposition will depend upon the relative 
masses of the interacting compounds. The brilliant 
results obtained by Stewart also prave that the 
laking process is not a coarse rupture of the 
envelope. My observations also lead to the same 
conclusions. If we accept the theory of mass action 
as the cause why hemoglobin is not completely dis- 
charged from some of the erythrocytes during the 
process of hemolysis, we ‘сап easily explain all tke 
appearances presented by the sediment corpuscles. 
obtained from a mixture of one part of blood and two 
or more parts of distilled water. On the other hand, 


PLATE V. 





The erythrocytes in a case of anaemia. 
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these appearances can not be satisfactorily explained 
by the rupture theory. In considering this mass 
actfon one has to consider not the relative masses 
of blood and water that are mixed with each other, 
but the mass of water that enters each individual 
red corpuscle and the amount of hæmoglobin that 
Is contained init. The amount of water that enters 
each individual corpuscle will be partly due to 
osmosis which comes into play to keep up an osmotic 
equilibrium. [It is also partly dependent upon the 
permeability of the erythrocytes to water, which 
perhaps, to some extent, depends upon the selective 
activity of the outer portion of the erythrocytes. І 
have shewn that when the erythrocytes are allowed to 
dry on a slide, they absorb water with great avidity 
and this would lead one to conclude that the erythro- 
cytes as they exist in the blood are less permeable to 
water than the dried and de-vitalized erythrocytes and 
this difference in permeability is probably independent 
of Osmosis. 

The phenomenon of hemolysis can be satistactorily 
explained wjthout the assumption of any rupture of the 
envelopes of the erythrocytes. When water enters the 
erythrocytes, the first effect probably is {һе decompo- 
sition of the hypothetical compound of hemoglobin 
with H,O. The hæmoglobin then dissolves in the 
water and the dissolved hæmoglobin may come out 
of the erythrocytes by г process allied to filtration or 
as Stewart suggests, even by diffusion? though hemog- 
lobin is non-dialysable through ordinary membranes. 1 
-have already pointed out that when blood is treated 
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with saturated or half-saturated NaCl solution, the 
erythrocytes behave like spheres of sponges containing 
dissolved colouring matter. In other words, the outer 
portions of the erythrocytes can, under certain cir- 
cumstances, act like a filter and allow the passage of 
haemoglobin. 

The amount of hemoglobin that will come out 
of an individual erythrocyte during the process of 
laking will depend upon the amount of the hypotheti- 
cal compound of hemoglobin that is decomposed and 
this again depends upon the masses of the interacting 
compounds, namely, the compound of hzmoglobin 
and the water that enters the erythrocytes. This 
latter again depends partly upon osmosis and partly 
upon the selective action of the outer portion of the 
erythrocytes. 

The holding of haemoglobin within the erythrocytes 
Is, to some extent, a vital phenomenon. This is partly 
proved by the phenomenon of spontaneous hzmolysis 
and partly also by the fact that while one volume of 
freshly drawn blood when mixed with 2 vols. of 35 
NaCl.shews only a faint hemolysis, the same shews 
a distinct hemolysis when treated in the same way 
after it has been kept shed for 60 to 80 hours. This 
inadequacy of the erythrocytes, in blood that has 
been kept shed for sometime, to hold hæmoglobin 
within their substance 15 tndependent of any bacterial 
infection and is probably a sign of commencing loss of 
vitality. This loss of vitality takes place much more 
quickly when the erythrocytes dry up than when they are 
kept in a closed tube,evaportion being thereby prevented. 
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I have already suggested that hemoglobin probably 
exists as a compound of haemoglobin and H,O in the 
substance of the erythrocytes. | This compound is 
probably decomposed by excess of water as is shewn 
by the phenomenon of laking with hyposmotic NaCl 
solutions. It is also decomposed during evaporation 
as is shewn by the fact that erythrocytes dried on a 
slide dissolve in ап 5 NaCl solution. It may be 
suggested that the walls of the erythrocytes get rup- 
tured during the process of drying and hence they 
dissolve when treated with З. NaCl solution. [t 15, 
however, difficult to conceive why the walls of the 
erythrocytes in a specimen of blood gently spread over 
a slide should all completely rupture during the process 
of drying up, which should rather result in their con- 
traction than rupture. It may, however, be further 
suggested that portions of the walls of the erythro- 
cytes become adherent to the slide and therefore when 
they tend to contract in the process of drying, there 
15 an excessive tension between the portions that 
contract and those that are adherent and as a result of 
this, rupture takes place. Though such an explanation 
is theoretically possible, yet, so far as Ї am aware, such 
ruptures have never been demonstrated by staining 
reagents. 

Another explanation may still be suggested and 
that is that when a suspension of the erythrocytes in 
i; NaCl solutions is drfed over a slide, the NaCl 
solution tends to become more and more concentrated 
ard consequently a stage comes, at which it becomes 
‚ saturated and hence the erythrocytes come to be m 


( 46 ) 


contact with a saturated NaCl solution and then they 
behave like what I am already described as salted 
erythrocytes and therefore dissolve when further trea- 
ted with 4S NaCl solution. 


From the above we have 


(1) Blood + hyposmotic NaCl solution = laking 

(2) (Blood +saturated NaCl solution)--;; NaCl 
solution = laking. 

(3) Blood gently spread over a slide and dried + 
N, NaCl solution = laking. 


All these facts lead to the conclusion that hæmoglobin 
as it exists inside the erythrocytes probably exists as 
a compound with H,O and that this compound is 
decomposed by the addition of excèss of water as well 
as by abstraction of water during evaporation or by 
treatment with very concentrated NaCl solution ($ or $). 


The above explanation is open to the objection 
tnat when the erythrocytes аге treated with moderately 
strong NaCl solutions or with NaCl solution slightly 
less concentrated than an isotonic NaCl solution, 
we find crenation or swelling up of the corpuscles 
respectively taking place without hæmolysis. Probably 
the hypothetical compound decomposes when the 
amount of water entering the erythrocytes or abstract- 
ed from them exceeds certain limits. 


The experiments of Stewart also lead to the 
conclusion that hzmoglobin as it exists inside red 
corpuscles is united with the stroma, while a portion 
of the electrolytes remains in solution as such, another 
portion being combined with the stroma.‘ 
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Mechanism of crenation :— 

Crenation of the erythrocytes that takes place 
when blood is treated with stronger NaCl solutions 
than the physiological is generally supposed to be due 
to osmosis of water outwards’. If this were the only 
cause of crenation, then we would except to observe 
the greatest amount of crenation when blood 15 treated 
with saturated NaCl solution. But I have already 
stated that many of the erythrocytes in the blood 
treated with saturated NaCl solution do not appear 
wrinkled or crenated. Could not crenation be assumed 
to be partly a vital phenomenon due, as it were, to an 
active contraction on the part of the outer portion of 
the erythrocytes ?. According to this theory, when 
they come in contact with a moderately strong NaCl 
solution, they would display their vital activity by 
becoming crenated. But when treated with a saturated 
NaCl solution, they lose their vitality and crenation is 
not so marked as one would expect from the mem- 
brane theory of the walls of the erythrocytes. In 
support of this, we also have the fact that Max 
Schultze has observed active contractility and motility 
in the red corpuscles of quite young embryo chickens’. 
Similarly, as has been pointed out by Meragliano,’ the. 
mulberry-like and crenated appearances that аге exhi- 
bited by the erythrocytes in blood recently removed 
from a vessel are partly a vital phenomenon. 

That crenation is a vital phenomenon is also. 
proved as follows :—A drop of blood is placed on a 
slide and then a coverglass 15 gently placed over it. 
The blood corpuscles are observed to crenate and 
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allowed to remain for 24 hours. A solution of Ñ 
NaCl is now gently poured over the edge of the 
coverglass which is very carefully removed. It will 
be found that many of the erythrocytes dissolve, 
others look spherical; while there are others 
which still are crenated (See Fig. :X). Now, 
if crenation were simply a phenomenon of osmosis, 
then the crenated erythrocytes should swell up апа 
again regain their original shape by re-absorption of 
water when treated with 54 NaCl solution. The fact 
that they do not lose their crenation even when 
treated with ү; NaCl shews that they have become 
less permeable to H,O. In other words, along with 
crenation, the outer portion of the erythrocytes probably 
undergo some degenerative changes as a result of which 
they do not allow the passage of water through them 
by the process of osmosis. Crenation, therefore, 
is a vital phenomenon which is partly, at any rate, due 
to an active contraction of the erythrocytes. Crenation 
does not mean that the erythrocytes are dead but 
it may precede death. It may be possible that 
those that are not crenated very much or for a long 
time may, perhaps, regain their functional activity 
and regain their original shape when returned to the 
circulation, while others that are dying would not do 
so under similar circumstances. 

That crenation is not merely due to osmosis 15 also 
proved by the fact that crenáted corpuscles occur in 
the blood in some forms of anæma. Evidently this can 
not be due to any loss of water by evaporation; nor can 
it be due to a stronger NaCl concentration in the 





Fig X.—Red Corpuscles of man allowed to crenate betweci 
a coverglass and a :""?—the crenated corpuscles. 
are treated with 35 NaCl solution ; some apparent- 


ly look globular, other still remain crenated. 
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serum as I have already shewn that in anemia the 
chlorides are not much appreciably increased in the 
serum. 
* Resistance of the erythrocytes to hemolysis 
partly a vital phenomenon :— 

Permeability of the erythrocytes to water is not 
merely an osmotic phenomenon. This is proved by 
the following facts some of which I have been previ- 

ously observed :— 

(1) Erythrocytes dried on a slide are more perme- 
able to H,O than the normal ones. 

(2) Crenated erythrocytes when treated with 4 
NaCl solution still remain crenated and are therefore 
less permeable to H,O than the normal ones. 

(3) The experjments of Moore and Roaf? shew 
that the freezing points of the corpuscles and the 
serum are :not exactly the same and this could not be 
the case if there were an osmotic equilibrium between 
the corpuscles and the serum. 

From the above, one has to conclude that the 
permeability of the erythrocytes to water is, to some 
extent, a vital phenomenon. Apart from osmosis, the 
amount of, water that would enter the erythrocytes is 
perhaps determined by the activity of the outer portion 
of the erythrocytes: the dried апа dead erythrocytes 
absorb water without any control, while the crenated 
ones are so much changed in their outer portions that 
they resist entrance of water into their substance 
against the force of osmosis. 

If, now, the amount of H,O that enters the ery- 
throcytes is, to some extent, a vital phenomenon, the 


( 50 ) 


resistance to haemolysis must also, to some extent, 
be a vital phenomenon. This specific resistance is, 
probably, the. cause of the increased resistance of 
the erythrocytes to hamolysis іп some cases "ов 
anamia. 


Permeability of the erythrocytes to water is to 
some extent comparable to the absorption of oxygen 
into the lung tissue which is partly due to epithelial 
activity, as shewn by the experiments of Bohr and 
Haldane’. 
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